Detection of amino acid is an effective and common method to determine adulteration in edible bird's nest. Therefore, a simple and sensitive method was developed to detect taurine for determining adulteration in edible bird's nest in the future. Sample was separated on precoated silica gel GF254 high-performance thin layer chromatographic plates. Separation of taurine was performed by n-propyl alcohol : ethanol : water : glacial acetic acid (5.2 : 0.8 : 2 : 2, v : v : v : v). Densitometric analysis of taurine was carried out in the absorbance mode at 485 nm. The method was validated for precision, intra-and interday variation, and recovery. This study proved that high-performance thin layer chromatography is a simple, rapid, precise, and selective method for qualitative and quantitative analysis of taurine in edible bird's nest.
Introduction
Edible bird's nest is the nest built by swiftlets. It is an expensive traditional Chinese medicine and nutraceutical food which has high medicinal value. Edible bird's nest can enhance immunologic function, dissolve phlegm, suppress cough, alleviate asthma, cure tuberculosis, improve the voice, and can also be used in antiaging, anticancer, curing stomach ulcers, haematemesis, general debility, and asthenia, and increase energy and metabolism, and so forth [1] [2] [3] . Therefore, different kinds of materials are added into the edible bird's nest by illegal vendors. Such materials as Tremella fungus, karaya gum, fried pork skin, soybean, red seaweed, egg white, gelatin, rice, milk, starch, agar, and fish vesicae, are incorporated into edible bird's nest. Other adulteration methods include staining, bleaching, and incorporating cheaper edible bird's nest into the more expensive ones [2, 4] .
Based on the previous reports, edible bird's nest contains many chemical compounds, including lipid (0.14%-1.28%), ash (2.1%), carbohydrate (25.62%-27.26%), and protein (62%-63%). The amino acids found in edible bird's nest are aspartic acid (Asp), threonine (Thr), serine (Ser), glutamic acid (Glu), proline (Pro), glycine (Gly), alanine (Ala), valine (Val), methionine (Met), isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), histidine (His), lysine (Lys), NH 3 , tryptophan (Trp), and arginine (Arg) [2, [4] [5] [6] [7] [8] . However, taurine was not detected in edible bird's nest. It can become an aiding method to recognize adulterated edible bird's nest. Simultaneous determination of several amino acids plays an important role to disclose adulterated edible bird's nest in the future.
Many authentication methods have been confirmed, that is, empirical measures, composition analysis, optical microscope, scanning electron microscopy (SEM), fluorescence method, modified xanthoproteic nitric acid test, gas chromatography (GC), capillary GC, infrared spectrometry (IR) and Fourier transform infrared spectroscopy (FTIR), ultraviolet spectroscopy, spectrophotometric method, SDS-PAGE, isoelectrofocusing (IEF), two-dimensional gel electrophoresis (2-DE), atomic absorption, and molecular biological technology [2, 4, 9] . Detection of amino acids is an effective, simple, fast, and economic method compared with the authentication methods mentioned above.
Taurine (2-aminoethanesulphonic acid) is a free -amino acid containing sulfur and is widely distributed in biological fluids and tissues, such as milk, urine, and muscle tissue. It plays important roles in many physiological functions and various diseases such as antioxidant [10] , psychosis [11, 12] , cancer [13] , protection for liver [14] , sepsis [15] , and retinitis pigmentosa [16] . Thus, the detection of taurine could provide useful information for us to understand the healthy food, hepatology, and disorders.
To our knowledge, no article related to the stability HPTLC when detecting taurine in edible bird's nest has been reported in the current literature. Therefore, the aim of this study was to provide simple and rapid extraction, quantification, qualitative, and new authentication methods of taurine in edible bird's nest.
Experimentals

Chemicals and Materials.
Unprocessed white edible bird's nest was obtained from CINRA Food Industries SDN. BHD (Malaysia). The bird's nests were processed as described by Guo et al., 2006 [17] . The grounded nest samples were used in the following experiments. Taurine standard (T0625, ≥99% lyophilized powder) was purchased from Sigma Chemical Co. (St. Louis, MO, USA). All chemicals including solvents were of analytical grade. Precoated silica gel GF254 HPTLC plates (10 × 10 cm 2 ) were purchased from Haiyang Chemical Co. (Qingdao, Shandong, China). Triketohydrindene hydrate was purchased from Merck Chemical Co. (Darmstadt, Germany).
Instrumentation.
A Camag (Muttenz, Switzerland) thin layer chromatography scanner 3 with Wincats 1.4.1 software, a development chamber consists of a twin trough glass chamber, an ultrasonic cleaner bath KQ-500 DB (Kunshan Ultrasonic Instrument Ltd., Suzhou, China), Buchi rotating evaporation instrument (Flawil, Switzerland), air oven, Eppendorf high-speed centrifuge (Hamburg, Germany) were used. 
Chromatographic Conditions
Extraction Method.
The sample and water (1 : 9, v : v) were mixed in a 50 mL centrifuge tube, and the tube was placed into an ultrasonic cleaner bath (40 MHz, at room temperature). Each sample was sonicated three times with each for 20 min. After sonication, the supernatant was obtained by centrifugation at 9000 rpm for 10 min and then mixed with ethanol (3 : 7, v : v) in the light resistant container for 30 min. Then, the extract was centrifuged at 9000 rpm for 10 min. The supernatant was concentrated by rotating evaporation to less than 1 mL.
Chromogenic
Method. 1 g of triketohydrindene hydrate was dissolved in 100 ml ethanol. Subsequent to the development, HPTLC plates were dried in fuming cupboard for 5 min. Then, triketohydrindene hydrate solution was sprayed onto the HPTLC plates, and the plates were dried in the air oven (110 degrees Celsius) for 5 min. Densitometric scanning was performed on Camag TLC scanner 3 at the reflectanceabsorbance wavelength of 485 nm and analyzed by Wincats 1.4.1.
Standard Solution Preparation
. The standard solution was prepared by accurately weighed taurine dissolved in distilled water. The concentration of taurine was 0.12, 0.192, 0.24, 0.36, and 0.48 mg/mL, respectively and 1 L of every concentration was spotted on the HPTLC plates. Quantitative concentration of each area was plotted with linear regression by TLC scanner.
Precision.
Precision was determined by spotting 4 points of sample solution (0.24 mg/mL) on the same plate with each point 1 L, and the plate was scanned on 0 hr, 2 hours, 4 hours, 6 hours, and 8 hours.
Intra-and Interday Variation.
To ensure precision of the method, intra-and interday variation studies were carried out at 0.24 g, 0.36 g, and 0.48 g. The concentrations chosen fell in the linearity range including the highest to middle points of the calibration curve. Sample solutions were analyzed every 12 hours for three days.
Recovery Studies.
The sample solution was spiked with extra 50%, 100%, and 150% of the standard taurine and the mixtures were analyzed by the previous method.
Limit of Detection and Limit of Quantitation.
The limit of detection (LOD) and limit of quantitation (LOQ) were determined following the same method. The signal to noise ratio was determined. LOD was considered as 3.3 : 1 and LOQ as 10 : 1. They were calculated using the equation:
where SD is the standard deviation of the intercept and is the slope of the calibration plot.
Statistical Analysis.
Statistical analysis was carried out with SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL, USA). Analysis of variance was performed.
Results and Discussion
Identification of Taurine.
Four spots can be observed in the same horizontal line in Figure 1 (Rf value of 0.62 ± 0.02). This result proved that the sample and standard were of the same polarity. As is shown in Figure 2 , the absorption wavelength curves of the sample and standard were parallel with each other in the all spectrodensitometric analysis graph. These results proved that the sample and standard were of the same compound and of the same purity. The optimal absorption wavelength obtained was 485 nm from Figure 2 .
The above results proved the existence of taurine in edible bird's nest. Based on the previous reports, derivatization reagent for HPTLC with postchromatographic derivatization is triketohydrindene hydrate. The optimal absorption wavelength after derivatization was reported to be 490 nm [18] and 525 nm [19] . However, the optimal wavelength was found to be 485 nm in the present work. Different solvents which triketohydrindene hydrate was dissolved in might be a reason of optimal wavelength difference.
Extraction Method.
The ultrasonically assisted extraction is a quick and effective method because the ultrasounds produce cell disruption and particle size reduction and compound can be dissolved perfectly in solvents [19, 20] . In the present extraction method impurities were removed by ethanol, and the effect of the impurities on the detection of taurine was reduced. Triketohydrindene hydrate is commonly used to stain amino acids. Thus, it is a very important technique using HPTLC to qualify and quantify taurine.
Spot Stability.
In the precision experiments, there was no significant difference among the peak area value between 0, 2, 4, 6, and 8 hrs. As was shown in Table 1 , the spotting was stable and the RSD was 0.83% after 4 hours. Table 2 presented that the RSD of the intra-and interday was 0.88%-0.78% and 0.75%-1.17%, respectively which could indicate that the robustness of this method was acceptable. Average recovery of taurine was 99.68% as listed in Table 3 . The LOD was found to be 16 ng. The LOQ was 49 ng. The linearity range was 120-480 ng. The above analysis of the data proved the repeatability and stability of this method.
HPTLC and Total Taurine Content.
At present, numerous methods developed for measuring taurine have been reported which include gas chromatography (GC) [21] , gas chromatography-mass spectrometry (GC-MS) [22] , highperformance liquid chromatography (HPLC) [23, 24] , capillary electrophoresis (CE), [25] , and high-performance thin layer chromatography (HPTLC) [18, 19] . In the layer chromatographic analysis, various kinds of solvent systems have been used, for example, chloroform-ethanol-acetic acidacetone-water (54 : 27 : 10 : 2 : 2, v : v : v : v : v) and n-butanolglacial acetic acid-96% ethanol-water (4 : 2 : 3 : 3, v : v : v : v). Taurine in energy drinks and syrup preparations was determined by HPTLC in previous study [18, 19] . Thus, our present work will modify the method in the previous studies. For example, we provided new extraction method and modified development system in this experiment. The sample resources in the previous and present experiments are different. In analytical techniques, there is a two-step derivatization procedure converting taurine into volatile derivatives in the GC and GC-MS methods. In addition, the CE method requires a complex adjustment for analysis of taurine [24] . In the HPLC method, several samples and standard cannot be run simultaneously in the same mobile phase. HPTLC method is widely used mainly due to the purpose of environmental friendly concept and reducing the use of solvent. Since several samples can be analyzed simultaneously using a small quantity of mobile phase, the analytical time and cost of per analysis can be reduced. It was proved to be an efficient, simple, and precise method for quantitative analysis of taurine in present work. Moreover, this method is a useful qualitative method to detect taurine. Linear regression equation of taurine was = 4234.5154 + 20.6178 ( is the response while is the amount of taurine) and = 0.99928, RSD = 1.87%. Total content of taurine was 12.62 g/g in edible bird's nest. Statistical data analysis proved that this HPTLC method is precise, specific, accurate, and stable for the determination of taurine in edible bird's nest. Taurine is mainly found in animal tissues and is found in millimolar concentrations [26] . Our present experiment indicated that taurine in edible bird's nest is in micromolar concentrations. The distinguished differences of taurine concentration in plant, animals, and edible bird's nest make the determination of taurine to be a simple and effective method to detect adulteration in edible bird's nest. So far, no method can be used solely to authenticate edible bird's nest. Two or several authentication methods are often used together to complete the work. Taurine detection can be a simple and sensitive aiding method to recognize adulterated edible bird's nest.
Conclusions
The proposed analytical HPTLC method is precise, specific, accurate, and stable. This method may be applied in routine analysis of taurine in edible bird's nest, and it may be a useful method to determine adulteration.
